I.
Introduction:
Fly ash generated by burning coal in coal fired power station ,was considered still a few years back as mere waste material. This was considered as a material of very low value , probably no use except land filling. But in the year of 1967 in Pittsburgh, John H. Faber, the first executive director of National Ash Association(NAA),was making a successful plan to use fly ash in many sector of civil engineering field and other also. Due to mainly his efforts, the NAA was formed in 1968 and became recognized as the world"s leading authority in coal ash technology and utilization.
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Due to increased use of pulverised coal in the electric power generation plants, fly ash is now available in most areas of the U.S.A , Canada, Europe , China and many other countries of the world. Approximately 37 million tonnes of fly ash was produced annually by the year 1989-90 and now, it is growing constantly. About mere 3% of total fly ash production is used in India, which is a liabilities explore our lack of practical application awareness about the versatile application of the material itself.
 Class C: Fly ash normally produced by burning lignite or sub-bituminous coal. Some class C fly ash may have CaO content in excess of 10%. In addition to pozzolanic properties, class C fly ash also possesses cementitious properties.
CHEMICAL COMPOSITION OF FLY ASH:
Main chemical properties of "Fly Ash" is represented by the following 
ENGINEERING PROPERTIES OF FLY ASH:
Some of the engineering properties of fly ash that are of particular interest when fly ash is used as an admixture or a cement addition to PCC mixes include fineness, LOI, chemical composition, moisture content, and pozzolanic activity. Most specifying agencies refer to ASTM C618 when citing acceptance criteria for the use of fly ash in concrete.
FINENESS:
Fineness is the primary physical characteristic of fly ash that relates to pozzolanic activity. As the fineness increases, the pozzolanic activity can be expected to increase. Current specifications include a requirement for the maximum allowable percentage retained on a 0.045 mm (No. 325) sieve when wet sieved. ASTM C618 specifies a maximum of 34 percent retained on a 0.045 mm (No. 325) sieve. Fineness can also be assessed by methods that estimate specific surface area, such as the Blaine air permeability test commonly used for Portland cement.
POZZOLANIC ACTIVITY: (Chemical Composition and Mineralogy):
Pozzolanic activity refers to the ability of the silica and alumina components of fly ash to react with available calcium and/or magnesium from the hydration products of Portland cement. ASTM C618 requires that the pozzolanic activity index with Portland cement, as determined in accordance with ASTM C311 be a minimum of 75 percent of the average 28-day compressive strength of control mixes made with Portland cement.
LOSS OF IGNITION:
Many state transportation departments specify a maximum LOI value that does not exceed 3 or 4 percent, even though the ASTM criteria is a maximum LOI content of 6 percent. This is because carbon contents (reflected by LOI) higher than 3 to 4 percent have an adverse effect on air entrainment.
Fly ashes must have a low enough LOI (usually less than 3.0 percent) to satisfy ready-mix concrete producers, who are concerned about product quality and the control of air-entraining admixtures. Furthermore, consistent LOI values are almost as important as low LOI values to ready-mix producers, who are most concerned with consistent and predictable quality.
MOISTURE CONTENT:
ASTM C618 specifies a maximum allowable moisture content of 3.0 percent. Some of the properties of fly ash-concrete mixes that are of particular interest include mix workability, time of setting, bleeding, pumpability, strength development, heat of hydration, permeability, resistance to freeze-thaw, sulfate resistance, and alkali-silica reactivity.
WORKABILITY:
At a given water-cement ratio, the spherical shape of most fly ash particles permits greater workability than with conventional concrete mixes. When fly ash is used, the absolute volume of cement plus fly ash usually exceeds that of cement in conventional concrete mixes. The increased ratio of solids volume to water volume produces a paste with improved plasticity and more cohesiveness.
TIMES OF SETTING:
When replacing up to 25 percent of the Portland cement in concrete, all Class F fly ashes and most Class C fly ashes increase the time of setting. However, some Class C fly ashes may have little effect on, or possibly even decrease, the time of setting. Delays in setting time will probably be more pronounced, compared with conventional concrete mixes, during the cooler or colder months.
BLEEDING:
Bleeding is usually reduced because of the greater volume of fines and lower required water content for a given degree of workability.
PUMPABILITY:
Pumpability is increased by the same characteristics affecting workability, specifically, the lubricating effect of the spherical fly ash particles and the increased ratio of solids to liquid that makes the concrete less prone to segregation.
STRENGTH DEVELOPMENT:
Previous studies of fly ash concrete mixes have generally confirmed that most mixes that contain Class F fly ash that replaces Portland cement at a 1:1 (equal weight) ratio gain compressive strength, as well as tensile strength, more slowly than conventional concrete mixes for up to as long as 60 to 90 days. Beyond 60 to 90 days, Class F fly ash concrete mixes will ultimately exceed the strength of conventional PCC mixes. For mixes with replacement ratios from 1.1 to 1.5:1 by weight of Class F fly ash to the Portland cement that is being replaced, 28-day strength development is approximately equal to that of conventional concrete.
Class C fly ashes often exhibit a higher rate of reaction at early ages than Class F fly ashes. Some Class C fly ashes are as effective as Portland cement in developing 28-day strength. Both Class F and Class C fly ashes are beneficial in the production of high-strength concrete. However, the American Concrete Institute (ACI) recommends that Class F fly ash replace from 15 to 25 percent of the Portland cement and Class C fly ash replace from 20 to 35 percent.
HEAT OF HYDRATION:
The initial impetus for using fly ash in concrete stemmed from the fact that the more slowly reacting fly ash generates less heat per unit of time than the hydration of the faster reacting Portland cement. Thus, the temperature rise in large masses of concrete (such as dams) can be significantly reduced if fly ash is substituted for cement, since more of the heat can be dissipated as it develops. Not only is the risk of thermal cracking reduced, but greater ultimate strength is attained in concrete with fly ash because of the pozzolanic reaction. Class F fly ashes are generally more effective than Class C fly ashes in reducing the heat of hydration.
PERMEABILITY:
Fly ash reacting with available lime and alkalies generates additional cementitious compounds that act to block bleed channels, filling pore space and reducing the permeability of the hardened concrete. The pozzolanic reaction consumes calcium hydroxide (Ca(OH) 2 ), which is leachable, replacing it with insoluble calcium silicate hydrates (CSH). The increased volume of fines and reduced water content also play a role.
RESISTANCE TO FREEZE-THAW:
As with all concretes, the resistance of fly ash concrete to damage from freezing and thawing depends on the adequacy of the air void system, as well as other factors, such as strength development, climate, and the use of deicer salts. Special attention must be given to attaining the proper amount of entrained air and air void distribution. Once fly ash concrete has developed adequate strength, no significant differences in concrete durability have usually been observed. There should be no more tendency for fly ash concrete to scale in freezing and thawing exposures than conventional concrete, provided the fly ash concrete has achieved its design strength and has the proper air void system.
SURFACE RESISTANCE:
Class F fly ash will generally improve the sulfate resistance of any concrete mixture in which it is included. Some Class C fly ashes may improve sulfate resistance, while others may actually reduce sulfate resistance and accelerate deterioration. Class C fly ashes should be individually tested before use in a sulfate environment. The relative resistance of fly ash to sulfate deterioration is reportedly a function of the ratio of calcium oxide to iron oxide.
ALKALI-SILICA REACTIVITY:
Class F fly ash has been effective in inhibiting or reducing expansive reactions resulting from the alkali-silica reaction. In theory, the reaction between the very small particles of amorphous silica glass in the fly ash and the alkalis in the Portland cement, as well as the fly ash, ties up the alkalis in a nonexpansive calciumalkali-silica gel, preventing them from reacting with silica in aggregates, which can result in expansive reactions. However, because some fly ashes (including some Class C fly ashes) may have appreciable amounts of soluble alkalis, it is necessary to test materials to be used in the field to ensure that expansion due to alkali-silica reactivity will be reduced to safe levels. Fly ash, especially Class F fly ash, is effective in three ways in substantially reducing alkali-silica expansion: 1) It produces a denser, less permeable concrete; 2) When used as a cement replacement it reduces total alkali content by reducing the Portland cement; and 3) Alkalis react with fly ash instead of reactive silica aggregates. Class F fly ashes are probably more effective than Class C fly ashes because of their higher silica content, which can react with alkalis. Users of Class C fly ash are cautioned to carefully evaluate the long-term volume stability of concrete mixes in the laboratory prior to field use, with ASTM C441 as a suggested method of test .
UTILIZATION OF FLY ASH:
Keeping in view this versatility of fly ash, several agencies -(govt. private, public sector, NGOs) are involved in fly ash utilization and safe disposal efforts in India. 
BENEFITS OF USING FLY ASH:
 GREATER STRENGTH: Fly ash increases in strength over time, continuing to combine with free lime.  DECREASED PERMEABILITY: Increased density and long-term pozzolanic action of fly ash, which ties up free lime, results in fewer bleed channels and decreases permeability.  INCREASED DURABILITY. The lower permeability of concrete with fly ash also helps keep aggressive compounds on the surface, where destructive action is lessened. Fly ash concrete is also more resistant to attack by sulphate, mild acid, and soft (lime hungry) water.  REDUCED ALKALI SILICA REACTIVITY: Fly ash combines with alkalis from cement that might otherwise combine with silica from aggregates, thereby preventing destructive expansion.  REDUCED HEAT OF HYDRATION: The pozzolanic reaction between fly ash and lime generates less heat, resulting in reduced thermal cracking when fly ash is used to replace a percentage of Portland Cement.  REDUCED EFFLORESCENCE: Fly ash chemically binds free lime and salts that can create efflorescence. The lower permeability of concrete with fly ash can help to hold efflorescence-producing compounds inside the concrete. The ball-bearing effect of fly ash in concrete creates a lubricating action when concrete is in its plastic state. This means ENHANCED CONCRETE WORKABILITY.
SCOPE OF THE STUDY OF FLY ASH CHARACTERISTICS:
The importance of fly ash cannot be exaggerated. It is no longer a cheap substitute of cement, nor an extender or addition to the mix,Fly ash bestows important advantages upon concrete, and its therefore, essential to understand The role and influence of fly ash. The variability of fly ash arises from the fact that fly ash is not a specially manufactured product and cannot, therefore be governed by strict requirements of standard . The power station which produces fly ash varies its operation in response to the power demand. The variation in the fly ash are those in glass content , carbon content, particle shape and size distribution, as well as in the presence of magnesia and other minerals, and even in colour. It is possible to improve the size distribution of fly ash particles by classification and by grinding.
As said earlier the fly ash is an artificial pozzolan and it exhibits different characteristics with different compounds of cement. The cement might contain different compositions of the above said Tri calcium silicate, Di calcium silicate, tri calcium aluminate etc. hence it becomes necessary to study the reactions exhibited by the fly ash with each of these compounds so that the necessary concrete can be obtained. Hence the cement should match with the fly ash at the first instance. This becomes important because it might have an affect on the strength and durability of the concrete.
